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1 
The invention described herein may be manu- 
factured and used by or for the Government for 
governmental purposes, without the payment to 
me of any royalty thereon. 
The present invention relates to frequency or 
phase selective circuits, and more partieu]arly to 
novel and improved frequency discriminator cir- 
cuits such as are adaptable for use with fre- 
quency modulation receivers. 
One oï the important objects of my invention 
is fo provide an improved and simplified deteetor 
of angle moduiated carrier waves. 
Another object of my invention is fo provide 
a frequency modulation detector circuit which 
is capable of responding over a wide range of fre- 
quency deviations. 
Still another object of my invention is to pro- 
vide a frequency modulation detector which is 
reliable, simple in it arrangement and construc- 
tion, and economicaL 
Other objects, advantages and features of the 
invention will, of course, become apparent and 
ai once suggest themselves fo those skilled in the 
art fo which this invention is directed. 
The foregoing and other objects and features 
of this invention may be more reaoEly understood 
by reference fo the following description taken 
in connection with the accompanying drawings 
in which 
Figure 1 is a wiring diagram showing a bridge 
arrangement of a frequency discriminator in 
accordance with the invention. 
Figure 2 represents a practical modification of 
the basic circuit illustrated in Figure 1. 
Figure S illustrates an embodiment of the 
invention. 
Figures 4 nd 5 show graphs which are utilized 
through the specification fo assist in explaining 
the operation of the circuits of Figures 1, 2, and S. 
In accordnce with one embodiment of the 
invention, the incoming frequency moduiated 
signal is impressed upon two corners of a bridge 
network which is blanced to the center fre- 
quency, ]c, of the incoming signal. The two 
amplifier tubes used in the circuits illustrated 
have their respective grids connected fo the other 
two corners of the bridge. A resonant circuit 
comprises one leg of the bridge circuit and is 
adjusted fo have zero reactance at the center 
frequency. Under these conditions the bridge is 
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balanced and the voltages on the two control 
grids are equa] and of ]ike sign. l%r frequencies 
below that of the eenter frequency (/c) the 
bridge beeomes unba]anced and the vo]rages on 
5 the grids unequal in one direction; for frequen- 
cies above the tenter frequeney the bridge 
becomes unbalanced and the voltages are agin 
unequal but in the opposite direction. Thus if 
]oad resistors of like value are placed in each 
10 anode circuit of the amplifier tubes, if vill be 
apparent that under conditions when the bridge 
is balanced, both grids bave simuitaneously simi- 
lar instantaneous voltages applied to them, and 
the plate eurrents of the two tubes wil] be equl 
1 resulting in equa] voltage drops across the ]od 
resistors. Further, when the bridge is unbal- 
anced in one direction because of  higher fre- 
quency, the instantaneous voltage applied to the 
grids is unequa] resuiting in unequa] plate eur- 
0 rents. When the bridge is unbalanced in the 
opposite direction because of a lower frequency, 
the voltages on the grids are unequal in the 
opposite direction resulting in unequal currents 
producing unequal voltage drops in the ]oad 
5 resistors. The resistor which had the higher 
voltage across it because of an unba]ance due 
to a higher frequency, will bave  lower volt- 
age across it because of an unbalance at a ]ower 
frequency. By connecting a suitable output cir- 
30 cuit across the two load resistors so that it is 
energized by a voltage proportional to the unbal- 
ance or difference in voltage drops in the load 
resistors, this difference is translated into suit- 
able audio signais. 
35 leferring now to the accompanying dra.wings 
and particularly to Figure 1, the frequency mod- 
uiated signal after passing through suitable 
amplifyng and limiting stages is applied to the 
input terminals land ., from which it is fed to 
40 corners  and 9 of a bridge circuit. Inductance 
S and capacity element  comprise one arm of 
the bridge circuit, and in series with capacity 
element S which forms a second arm of the bridge 
circuit. In shunt with series elements S, @., and 
45 , is a short-circuit element  having substan- 
tially zero resistance comprising a third arm of 
the bridge and connected to capacity element 9 
which is the fourth arm of the bridge circuit. 
Grids ! 4 and   of amplifier tubes . and !  
50 are connected to points 0 and   of the bridge 



netwoïk, lesistors 6 and 7 are of equal value 
and connected in the anode circuits of tubes 2 
and 3. The difference in voltage developed 
across resistors 6 and  appears at the output 
terminals  3 and  3. 
The capacity elements  and 7 are preferably 
of equal value, and in certain situations may 
comprise the interelectrode capacity oï the 
respective tubes used. Under the condition that 
the resistance of circuit 3, 4, and the bridge arm 
5, is negligible, the bridge will be balanced at the 
resonant frequency (/c) oï the series.circuit 
With the bridge balanced, the voltages el and e2 
on grids  and 5, respectively, will be oï equal 
valu and oï similar polarity, and no difference 
of potential exists between the points } and 
of the bridge. It îollows that with-anode resis- 
tors 6 and 7 having equal resistance, the volt- 
age across them will be equal and, due fo the 
manner in which they are connected, no poten- 
tial difference will exist between terminals 
and  . 
If, aïter the bridge is adjusted for abalanced 
condition at a ïrequency ]c, the frequency'0f the 
input signal departs from lc, the bridge will 
corne unbalanced. At input îrequencies above 
the circuit , 4 presents an inductive reactance 
:into its arm oï the bridge. This inductive 
'actance lowers the impedance of the series cir- 
cuit , 4 and , causing an increased current fo 
:fiow, resulting in an-increased voltage equal to 
the drop across , to be imp.ressed on grid 
 With respect to its cathode. If circuit elements 
-and 7 bave equal capacitance, their reactances 
:at :an_y particular frequency will be equal, and 
-the voltage developed across them will be pro- 
portional fo the current flow through them. It 
ollows therefore fihat af frecluencies above 
resonanc the dïop across  will be greater than 
the drop across  resulting in unequal .currents 
 in the anode circuitsand a'voltage differentiaYat 
"termina!s 3 and . At frequencies below the 
center frecluency, lc, the circuit 3, 4 introduces 
"a:capacitive reactance in series with that of the 
Capacity êlements G which results in a smaller 
current through element $ than that through 
capacity element . The bridge is then un- 
balanced with the instantaneous voltage on grid 
 being greater than that on grid 4 and pro- 
ducing a voltage differential between terminals 
ï3 and 9 which is of opposite polarity from that 
whih existed when the frequency of the in- 
coming signal was higher than ]c. 
:Figure 4 shows the manner in which the scalar 
impedances of the two shunt paths of Figure 
vary with frequencies above and below that of 
the center frequency, lc. The curve Z1 rep[esents 
the impedance of series elements 3, 4 and ' com- 
p.rising one of the shunt circuits of the bridge 
circuit. The curve Xc represents the impedance 
of the capacitive elements  and 7 of Figure 1. 
Because at the resonant frequency of 3, and 4, the 
reactances of :3 and  cancel out, the impedance 
of hat shunt path is equal to that of capacity 
element . Thus, as indicated by the curve, at a 
frequency, lc, Z:Xc. It will be observed from 
Figure 4 that while the reactance of capacity 
elements  and 7 varies with frequency in the 
manner indicated, the variation of Z1 for fre- 
quencies above and below lc, is considerably 
greater. The slope of curves Xe and Zz will of 
cohrse depend upon the values of , 4,  and 
Forthe particu]ar case filustrated, the values of 
3, 4, 6 and - were selected which gave like 
actances at the frequency, ]c. 
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It will be readfly understood that various cir- 
cuit combinations may be used in the place of 
series circuit 3, . For very sharp responses a 
piezoelectric crystal, adjusted to its series 
5 resonant condition could be employed. 
Figure 5 shows a curve e--e2 which represents 
the amount of unbalance between points } and 
 , respectively, of the bridge network for a range 
of frequency deviations above and below the 
10 balancing frequency, /c. The effect of e--e is 
amplified by the action of tubes  - and  3 and 
.pears as a voltage between terminals  and . 
Curve e0 in Figure 5 shows the manner in which 
the output voltage varies with variation in the 
5 frequency of the input signal. 
The slope of e0 is substantially linear with 
frecluency for a wide range of frequency 
partures. Actually e0 wouid continue fo increase 
for frequency deviations above c until a second 
20 resorantcondition occurs beyond which the curve 
would have a negative slope. This second 
resonant condition is determined by the values 
of , ï-nd . When  and  are of eclual value, 
'the second resonant frequency occurs at 
25 proximate!y 1.4 rimes the frequency, /c, the ïn'st 
resonant frequency of the bridge network..It-will 
be apparent to those skilled in the art that the 
slope of 0 can be altered through the use o 
different combinations of vàlues for the circuit 
0 êlements , 4 and 6. 
Figure 2 is a practica] modification of the basic 
circuit iilustrated in Figure 1. teerence 
'meral 2 represents the loss resistance of series 
circuit 22, 3 which form one arm of the brilge. 
35 it is desirable that very low-loss circuits- (high Q) 
be used in this-arm Of the bridge. Numeral 
is a non-reactive resistor equal in value to the lss 
resistance 2. Capacity elements 25 and 2 may, 
in certain applications comprise the grid-to- 
40 cathode interelectrode capacitance-of tubes 
and 2 respectively. Connected in the anode 
-circuits of tubes 27 and 23 are löad impedances 
.2 and-33, respectively. Connected across im- 
pedances 2 and 3 is a voltage utilization circuit 
45 3 which may comprise an audio-frequency net- 
,work.and amplifier. Reference numeral 23 rep- 
resents a source of angle-modulatel waves. 
From the discussion of the operation of the cir- 
cuit of Figure 1 it will b apparent that the circuit 
50 will be adjusted to a balanced cmdition when the 
series circuit 2, - is tuned to resonance at the 
reference freqUency, /c, of the incoming waves. 
At frequencies above and below this reference fre- 
quency, the bridge becomes unbalanced. There 
.55 will be developed across each of the resistors 29 
and 33 respective voltages proluced by the anode 
currents. Since resistors 29 and 3 are of equal 
value and connected so that the developed volt- 
ages will be in polarity opposition, it follows that 
{h at a frequency, /c, when the bridge is balanced, 
the voltage differential across the output cir- 
cuit 33 will be zeïo; at other frequencies the 
bridge becomes unbalanced and a direct current 
potential will be developed across the output cir- 
(»5 cuit 3, whese magnitude and polarity are de- 
termined by the amount and direction of fre- 
quency deviation from/c. 
Figure 3 is a circuit diagram representing an 
additional modified form of the invention in 
70 which diode type rectifier tubes 2 and 43 are 
used in the place of the triodes of Figures 1 and 
2. The diodes 4 and 3, respectively, bave 
dividual load impedances 4 and 4, respectively, 
serially cormected therewith. Capacity elements 
7 $8 and $9 Ïorm two arms of a bridge circuit in 
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accordance with this invention. A third arm in- 
cludes loss-resistance $4, and series circuit S5, S6. 
The fourth arm of the bridge being the resistance 
element 37 which is ruade equal to the loss re- 
sistance 34. The input is applied to terminals 
40, 41. The circuit is adjusted for a balanced 
condition ata reference frequency, fc. Varia- 
tions in frequency above or below fc will un- 
balance the bridge and produce a voltage dif- 
ferential between terminals 0 and 9 to which 
ma be connected a suitable utilization circuit. 
While the foregoing discussion was concerned 
with FiVI signals it wfll be apparent to those 
skilled in the art that the discriminator of the 
present invention may also be used in connection 
with phase modu]ated signa]s. The generic terre 
"angle modulated wave" is freuently used to in- 
clude frequency modulated (FM), phase modu- 
lated (PM), or hybrid ferres of these. As is we]] 
known, F1VI waves are produced by varyinq the 
carrier frequency about a mean freauency by an 
amount proportionally to the amplitude of the 
audio modulating signal. A PM wave differs from 
F1VI in that ifs frequency deviation increases with 
the modulating freuency. If follows from this 
that since in both FM and PM the frequency of 
the carrier undergoes excursions during modula- 
tion that the present invention may be used in 
circuits for the detection of ,hese ferres of modu- 
lation. Appropriate networks in the audio fre- 
quency amplifier provides the necessary correc- 
tions, such as de-emphasis, for deriving a signal 
representative of the modulating wave. 
While I have shown and discussed certain em- 
bodiments of the invention, other modifications 
will be apparent and at once suggest themselves 
to those skilled in the art, without departing from 
the spirit and scope of my invention. 
I claire: 
l. A frequency responsive network for operation 
over a wide range of frequency deviations com- 
prising a source of variable frequency signals, said 
signals having a reference frequency about which 
the frequency varies, a bridge network having 
four arms and two pairs of diagonally opposite 
terminals, and means responsive to difference of 
potential; one arm of said bridge including a 
resonant circuit comprising a inductance and ca- 
pacitance in series connection tuned fo series 
resonance at said reference frequency, said source 
of variable freauency ignals being applied to one 
pair of said diagonally opposite terminals, and 
said means responsive connected to said other 
pair of diagonally opposite terminals, whereby at 
said reference frequency the bridge is balanced, 
and at the other frequericies the bridge is un- 
balanced producing a potential difference across 
said means responsive. 
2. A frequency discriminator circuit comprising 
in combination a four arm bridge network and 
having diagonally opposite input terminals to 
which frequency modulated signals are applied, 
said signals varying about a conter frequency, and 
diagonally opposite output terminals to which is 
connected a potential responsive utilization cir- 
cuit; one arm of said bridge includes a circuit 
series resonant at the center frequency of said 
signals at which frequency said bridge is balanced 
and equal and in-phase potentials a.re applied to 
said utilization circuit, and at frequencies other 
than the conter frequency a potential difference 
is developed across said utilization circuit, said 
potential difference being of one polarity for fre- 
quencies which are above said conter frequency, 
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and of opposite polarity for frequencies below Said 
conter frequency. 
3. A frequency dis.criminator according to 
claim 2 in which said potential responsive means 
5 includes a pair of thermionic tubes each having 
an output element and at least a signal actuated 
control electrode, said control electrodes being 
connected fo said output terminals of said bridge 
network. 
0 4. A frequency discriminator according to 
claire 2 in which said potential responsive means 
includes a pair of rectifier devices each ihaving 
anode terminals connected to said output bermin- 
als of said bridge, and cathode terminales con- 
]5 nected differentially by a pair of impedances, 
and means for utilizing the voltage difference de- 
veloped across said impedance elements. 
5. In a frequency discriminator, a source of 
frequency modulated input signals having a con- 
20 ter frequency, a pair of electron tubes each hav- 
ing at least an anode, a cathode, and a control 
grid, an impedance network between one termi- 
nal of said source and one of said grids, said 
network having zero reactance at said conter 
25 frequency, an inductive reactance at a higher 
frequency and a capacitive reactance at a lower 
frequency, non-reactance means connecting said 
other grid to said one terminal, equal capacity 
elements between the grids and cathodes of said 
30 tubes; differentially connected impedance means 
in the anode circuits of said tubes; and out-. 
put utflization means connected to said impe- 
dance means and responsive to the voltage differ- 
ence developed therein. 
35 6. In combination, a frequency modulation de- 
tector circuit utilizing a pair of amplifier tubes 
each having at least a cathode, a control grid 
and an anode; a source of frequency modulated 
input signals having a reference frequency, said 
40 source having a first and second terminal, said 
second terminal being connected to the cathodes 
of said amplifier tubes; equal capacity elements 
between the grids and cathodes of said tubes; a 
frequency responsive means having a low re- 
45 sistive component connected between sad first 
terminal and one of the grids, said responsive 
means being adjustable to a series resonant con- 
dition at said reference frequency; a non-re- 
active resistive means connected between said 
50 first terminal and the other of said grids; load 
impedance means in each anode circuit of said 
tubes connected in phase opposition; and voltage 
responsive output means connected across said 
impedances; whereby, at the reference frequency 
55 of said input signals the frequency responsive 
means becomes non-reactive causing like volt- 
ages to appear across said capacity elemerts 
resuiting in a zero voltage across said output 
means, and at other frequencies the freqeuncy 
6O responsive means introduces a reactance be- 
tween said first terminal and said first one of 
said grids resulting in unlike voltages across 
the capacity elements and producing a differen- 
tial voltage across said output circuit. 
i5 . A frequency discriminator circuit compris- 
ing in combination a four arm bridge network 
having diagonally opposite input terminals to 
which frequency modulated signals are applied, 
said signals having a conter freqeuncy about 
0 which frequency variations take place, and dia- 
gonally opposite output terminals; one arm of 
said bridge comprising electrical means adjusted 
for series resonance at said conter frequency of 
said signals at which frequency the birdge is 
5 balanced; a pair of electron tubes each having 



,t least :a .ca%hode, ,a contr01 grid and :an-anode;j 
differentially connected impedance means in the 
anode "circuits of said tubes; means for connect- 
.ing -the grids across the output terminals of 
,said bridge, whereby when said bridge is bal- 
a-nced, equal and in phase voltages are applied 
o said grids,-and no difference of potential ap- 
:pears across .said differentially connected irn- 
pedance means. 
8. -frequency discriminator in accordance 
.wiï ulaim 5 wherein said capacity elments 
cornprise the grid-to-cathode intere]ectrode ca- 
pacitance 0f said tubes. 
EDWARD J. 'STACI-IURA. 
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